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EXECUTIVE SUMMARY

Microsimulation models have been used widely since the 1960s to estimate the projected
budgetary cost and distributional impacts of proposed changes to social programs. Microsimulation
models are computer programs that consist of: (1) a microdata set that contains information on a
sample of individuals and households; (2) a set of accounting rules that reflect the tax and transfer
program regulations in effect at a given point in time; and (3) behavioral responses that reflect how
individuals and households modify their behavior in response to changes in program parameters.

To evaluate the impact of proposed changes to the Food Stamp i’rogtam (FSP), the Food and
Nutrition Service (FNS) currently uses three microsimulation models:

* The Micro Analysis of Transfers to Households (MATH) Model
* The Food Stamp Eligibility Routines (FOSTERS) Model

*  The QC Minimodel

This report evaluates the computer routines in the MATH and FOSTERS models that determine
which eligible households will be simulated as participating in the FSP--the participation algorithms.
(The QC Minimodel does not contain a participation algorithm.)

Microsimulation Models and Participation Algorithms

The MATH model is used primarily to estimate the impact of proposed FSP changes that will
affect eligibility. Its microdata setis the March Supplement of the Current Population Survey (CPS).
These data are "aged” to represent the characteristics of the sample of individuals and households in
a given future month; in the current MATH model, the given month is April 1991.

The FOSTERS model is used primarily to simulate changes to the asset test and the food stamp
unit definition. Its microdata set is the Survey of Income and Program Participation (SIPP). The
simulation month in FOSTERS is not a future month, but rather the calendar month for which the

data were collected.

Both the MATH model and the FOSTERS model use a participation algorithm in two places.
One participation algorithm is used to estimate participation under pre-reform program rules (the
base-law participation algorithm), and the other participation algorithm is used to estimate
participation after a program reform (the reform participation algorithm). A comparison of the size
and characteristics of the FSP caseload and program costs under the base law with those under the
reform yields a measure of the relative impact of the reform.



The Base-Law Participation Algorithm

The base-law participation algorithms in the MATH and FOSTERS models select households as
participating in the FSP among those households simulated to be eligible for the FSP. The participation
algorithms assign each eligible household a probability of participation which, if greater than a
randomly drawn number between zero and one, means that the household is simulated as
participating in the FSP; otherwise, the household is simulated as not participating. The probability
of participation for each household is computed whereby the total number and the characteristics of
selected participants replicate as closely as possible those found in data drawn from program
administration sources.

The most challenging aspect of designing and implementing a base-law participation algorithm is
adjusting for the inconsistencies between measures of eligibles obtained from survey data and measures of
participants obtained from administrative data. By definition, the number of households participating
in a program is smaller than or equal to the number of households eligible for the program; yet
results with the MATH model have indicated that, when participants and eligibles are cross-classified
along a number of dimensions, the number of participating households (estimated with administrative
data) can exceed the number of FSP-eligible households (estimated with CPS data) in some
subgroups. Thus, because the participation rate in these subgroups exceeds 100 percent, the
probability of participation assigned to the households in these subgroups exceeds one.

The adjustment procedure for this inconsistency must reduce the participation rate in these
subgroups to less than 100 percent, while attempting to preserve both the total number of
participants and their composition along four key dimensions (income, household size, receipt of
public assistance, and elderly status). The procedures currently used to correct for this inconsistency
in the MATH model include both a formal procedure (a computer algorithm) and an informal
procedure (manual calibration). Although the manual calibration procedure is flexible and
inexpensive, its outcome cannot be reproduced by other researchers, it is subject to human error, and
it may not be applied consistently from year to year. To replace this informal manual calibration
process with a more reliable one, we recommend exploring either "raking" algorithms or an ad hoc
algorithm. Raking (or iterative proportional fitting) algorithms adjust the entries in a matrix of cross-
classified data to conform with known marginal distributions. An ad hoc algorithm would replicate
as closely as possible the procedures currently performed with manual calibration.

Another methodological concern (applicable only to the MATH model) pertains to the process
used to further align participants along two additional dimensions with administrative data (the ratio
of the household’s benefit amount and its poverty threshold, and whether or not the household
reported FSP participation for the CPS reference year). The formula used to improve the
distribution of participants by benefit is based on regression coefficients estimated by Czajka (1981)
in the context of a multivariate analysis of FSP participation. Several methodological problems are
associated with using Czajka’s participation equation: (1) the participation equation was not specified
for a microsimulation context; (2) it was estimated with data from the 1979 Income Survey
Development Program, which preceded the Elimination of the Purchase Requirement (EPR); and
(3) it produces an estimate of the relationship between benefits and participation which contradicts
common sense. Therefore, we recommend using a simpler method that allows the user to select
participants in a subgroup on the basis of reported participation and/or a set of household characteristics
that are correlated with participation.



The Reform Participation Algorithm

The reform participation algorithms in the MATH and FOSTERS models estimate the number of
households that would change their current decision to participate in the FSP in response to reforms that
affect FSP benefits, eligibility, or both. The models distinguish between (1) households that are already
eligible under base law, and (2) those that would become eligible or ineligible under the reform. For
the former, these models simulate the decision to stay, join, or leave the FSP in response to the
reform; for the latter, these models simulate the decision to join the FSP. Currently, for the first
case, the fraction of participants selected randomly to join or leave the program is equal to {.0014
* (the change in benefits)}. For the second case, the reform participation algorithm selects
households according to base-law probabilities.

Several methodological concerns about the reform participation algorithm exist. First, the
participation response is the same for all households, and does not vary by their benefit amount. For
example, given the same absolute increase in benefits, the participation response is the same for
households eligible for $10 as it is for households eligible for $200 worth of benefits. Second, no
inflation adjustment is built into the algorithm. Third, the selection factor (.0014) is derived from
aggregate time series data on program participation before the EPR.

We recommend improving these three aspects of the reform participation algorithm by implementing
a participation algorithm based on estimates of behavioral response derived from 1985 SIPP data. This
reform participation algorithm would have the following features:

* The behavioral response parameter would be based on a logarithmic specification
of the participation equation, so that the participation response depends on the
percentage change in benefits, rather than on its absclute amount.

* The percentage change in benefits would be subject to an automatic inflation
adjustment.

* The 1985 data would reflect the reality of the post-EPR program.
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1. INTRODUCTION

Microsimulation models are large and complex computer programs used to analyze the effects
of changes in government programs. These models simulate the size and characteristics of the
population that would be eligible for a new program or for a program change, those among the
eligibles who would be likely to participate, and those who would be the gainers or losers if the
change were implemented. These models have been used widely as a policy analysis tool since the
1960s to forecast the budget cost and distributional impacts of various legislative proposals for social
programs. Microsimulation techniques generate estimates to respond to such questions as the

following:

*  What would be the cost of a particular welfare reform plan?

* How many households would be made worse off and how many better off if the
Food Stamp Program (FSP) were modified to replace the current shelter deduction
by an increased standard deduction that varied by region?

* What impact would a tax reform proposal that replaced the current personal
exemption with a refundable tax credit have on revenue and the disposable income
distribution?

Microsimulation models contain two essential components: (1) a microdata set that contains
economic and demographic information on a representative sample of individuals and families; and
(2) a set of accounting rules, that is, algebraic representations of the tax and transfer program
regulations in effect at a given point in time. In addition, behavioral responses can be incorporated
into a microsimulation model, as long as how individuals modify their behavior in response to a given
program change is known, or can be estimated of conjectured.

Three microsimulation models are currently used by the Food and Nutrition Service (FNS) to

evaluate the budgetary and social impact of proposed changes to the Food Stamp Program (FSP).



They are the Micro Analysis of Transfers to Households (MATH) model, the Food Stamp Eligibility
Routines (FOSTERS) model, and the QC Minimodel. The specific goal of this report is to evaluate
an important component of the MATH and FOSTERS models, the FSP participation algorithm--that
is, a computer routine that determines which eligible households are participating in the FSP.
Participation algorithms are used in the simulation model in two places: first when participation is
estimated under pre-reform program rules (the base-law participation algorithm), and again when the
program reform is simulated (the reform participation algorithm). The QC Minimodel is not
considered here, although it represents perhaps the most frequently used simulation model for the
FSP, because it does not contain a participation algorithm.1

The report is organized as follows. Section I.A provides an overview of the general
characteristics of the two simulation models, while Sections I.B and C discuss the objectives of the
base-law and reform participation algorithms, respectively. A more detailed description of how the
two types of algorithms are operationalized in each model, together with proposals for their

improvement, are presented in Chapter II (for base-law) and Chapter III (for reform).

A. OVERVIEW OF THE MATH AND FOSTERS MODELS

The MATH model is the direct descendant of a long tradition of microsimulation models that
started with the RIM model, used during the 1960s to evaluate alternative income maintenance
programs. The MATH model is currently used primarily to evaluate the impact of proposed
legislative changes that affect eligibility for the Food Stamp Program.

The MATH model uses the March Supplement of the Current Population Survey (CPS) as its

microdata set. The data from the CPS are "aged” in order to represent the demographic, economic,

1The QC Minimodel is based entirely on administrative data on food stamp participants, rather
than on survey data, as are MATH and FOSTERS. Therefore, it cannot be used to simulate the
population eligible for the FSP, and consequently does not require an algorithm to select participants
among the eligibles.



and labor-market situation at some future date, based on aggregate projections from several
sources.2 For example, in the current MATH model, the March 1988 CPS, which collected data for
calendar year 1987, has been aged to represent the economic and demographic situation projected
for 1991. A number of imputations and simulations are also performed on the annual data in the
CPS in order to obtain a representation of a cross-section of households in a selected future month,
which is called the "simulation month" (April 1991 in the current MATH model). This process
determines which households are eligible for the FSP during the simulation month, given their
(projected) demographic and economic characteristics, and the program regulations that are expected
to be in effect during the simulation month. In addition, the model determines which eligible
households are participating in the program. This set of simulated outcomes is referred to as the
"base law,” or "base plan,” and it represents the benchmark to which program reforms are compared.
The comparison between FSP caseloads and expenditures under base law and those under reform
yields a measure of the relative impact of the reform. This measure can be used to provide an
estimate of the cost of the reform in a future budget year, under the assumption that the reform is
fully implemented in that year.

FSP reforms are simulated in the MATH model first by modifying the appropriate program
parameters of the model, and then by simulating eligibility and participation once again under the
new program rules. At this stage, the model can also simulate changes in the behavior of households
in response to the program change--for example, changes in the decision to work or to participate
in welfare programs. The only behavioral response explicitly modelled in the version of the MATH
model currently in use is the participation response to a change in food stamp benefits.

The FOSTERS model is a newcomer in the world of microsimulation of welfare programs. It

uses data from the Survey of Income and Program Participation (SIPP), rather than from the March

2Doyle and Trippe (1989) provide a description and an evaluation of the aging process.

3



CPS. Unlike the MATH model, FOSTERS has been designed explicitly to simulate eligibility and
participation in the Food Stamp Program, and it is used primarily to simulate changes to the asset
test, changes to the food stamp unit definition, and other reforms involving data unique to SIPP.

SIPP provides monthly data on income, labor force participation, program participation, and
household composition. SIPP has two main advantages over the CPS: (1) it eliminates the necessity
of simulating monthly data with March CPS annual data, as is done in the MATH model; and (2)
it provides information on household composition collected at the same time as the income data. By
contrast, household composition in the CPS is observed in March of the interview year, while the
income data pertain to the previous calendar year. The main disadvantage of SIPP is its small sample
size, which makes it very difficult to use the FOSTERS model to simulate program changes that
affect small segments of the low-income population.

Another important difference between MATH and FOSTERS is that the simulation month in
FOSTERS is not a future month, but rather the calendar month for which the data were collected.?
This represents an advantage--it eliminates the necessity of aging the survey data--but at the same
time a disadvantage--it produces estimates of reform impacts that do not take into account changes
in economic conditions between the time the data were collected and the time the reform would be

implemented.

3The choice of a particular month of data from the many available in SIPP is dictated by three
considerations: the timing of the release of SIPP data, the necessity of obtaining a large sample size,
and the proximity of the chosen month to the interviews in which information for simulating FSP
eligibility was collected.
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B. OVERVIEW OF THE BASE-LAW PARTICIPATION ALGORITHMS

A base-law participation algorithm is a subroutine of the larger microsimulation model that
determines which households are participating in a given program among those simulated to be
eligible for that program on the basis of current legislation--that is, among base-law eligibles.

In MATH and FOSTERS the selection of participants is performed stochastically. Each eligible
household is assigned a probability of participation on the basis of a set of criteria (described later
in this section) and this probability is compared with a randomly-drawn number between zero and
one. The household is selected to participate if its probability is greater than the random number.

In the existing FSP participation algorithms, the probabilities of participation are computed in
such a way that the total number and the characteristics of the selected participants replicate as closely
as possible those found in administrative data (actual or projected, depending on the model). The
importance of a close replication of the size and composition of the program caseload should be
emphasized. The ability of the simulation model to yield a credible estimate of the impact of a
program reform depends in the first place on the realism of the model’s representation of the pre-
reform program caseload.

Several aspects of the process of replication of base-law participation are common to both the
MATH and FOSTERS models, and give rise to the same methodological concerns: (1) the source
of information on the program caseload; (2) the characteristics of the caseload that should be
replicated; (3) the use of self-reported information on participation by CPS or SIPP respondents; and
(4) the criteria used to assess the "closeness" between simulated and actual program caseloads.

Because these issues are common to both models, they are discussed briefly here.

1. Source of Data on the FSP Caseload
The best available source of information on the size and characteristics of the FSP caseload is
the Integrated Quality Control System (IQCS). The IQCS is a system of ongoing case record review

5



designed to measure payment error rates in the Food Stamp, Aid to Families with Dependent
Children (AFDC), and Medicaid programs. It is based on monthly probability samples drawn from
all 50 States and the District of Columbia. A sample of active food stamp cases in two-month
samples (usually July/August), weighted and edited for consistency, form the basis of estimates of the
distributional characteristics of the food stamp population.

The use of the information contained in the IQCS files varies according to whether the caseload
to be replicated is actual or projected. As discussed before, in the case of the FOSTERS model, the
caseload to be replicated is the one observed in a particular month in the past. In the MATH
model, the caseload to be simulated is not one observed in the past, but rather is projected for a
future "simulation” month. In this case, the IQCS provides information on the distributional
characteristics of the caseload, which are assumed not to change between the observation and the
simulation month, while the estimates of the total caseload and total benefit expenditures are
obtained from the FSP Statistical Summary of Operations and projected forward to the simulation

month with a variety of forecasting tools.

2. Which Dimensions of the Caseload Are Replicated?
The replication of the size and composition of the caseload can be pursued at three different
levels:
1. replication of the overall size (actual or projected) of the caseload, in terms of
households, individuals, or total benefits paid,;
2. replication of the composition of the caseload, taking one characteristic at a time
(marginal distribution)--for example, the composition in terms of household size;
and
3. replication of the composition of the caseload, taking two or more characteristics

simultaneously (joint distribution)--for example, the distribution of participants by
income and household size.
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The MATH and FOSTERS models pursue all three objectives at different stages of their base-
law participation algorithms, giving different priorities to each objective. In general, the replication
of the overall size of the caseload is given the highest priority. Replication of the joint distribution
of caseload characteristics is attempted in both models--although for different characteristics--while
the replication of marginal distributions is eventually used to judge how well a model has performed.

A related issue is the priority to be given to the replication of the various characteristics of the
caseload. Since the model is used for policy simulations, it is conceivable that different characteristics
play a different role according ‘to how the simulation is used, and that their role changes according
to the policy priority of the moment. The existing algorithms do not have enough flexibility to allow

the user to set priorities explicitly among the various characteristics of the caseload.

3. The Use of Reported Participation

An issue that arises in the design of base-law participation algorithms is the use of program
participation as reported by the respondents to the survey that forms the basis for simulating program
eligibles. At first glance, one would think that participants could be selected among eligible
households simply by using reported participation. However, two major complications preclude this

simple solution:

* Participation in transfer programs is underreported in most, if not all, household
surveys. If one were to use only reported participation, the overall size of the
caseload would be underestimated. Moreover, if underreporting is not random--in
the sense that it is correlated with the characteristics of the caseload--not even the
composition of the caseload can be replicated by using reported participation alone.

* Reported participation might not pertain to the same time period as that used in
the simulation, either because the simulation period is in the future or because the
length of the reference period used in reporting participation differs from the
length of the simulation period. For example, in the CPS participation is reported
as "months on the program during a calendar year,” while the MATH model
simulates participation for a one-month period in the future.



The extent to which the two simulation models use reported participation in the base-law
algorithm differs substantially. The FOSTERS model, due to its retrospective simulation and reliance
on SIPP monthly data, uses this type of information extensively. By contrast, reported participation
is used only marginally in the MATH model, due to the mismatch between reference periods for

reporting and for simulation.

4. Evaluating the Closeness of the Simulated Caseload to Administrative Data

Because the overall objective of the base-law participation algorithm is to replicate as closely as
possible the size and composition of a given FSP caseload, the last step in the algorithm entails
evaluating how well the simulated caseload compares with the actual (or projected) caseload. Two
types of comparisons are possible. First, the algorithm should be evaluated according to how well it
performs in replicating the marginal (or joint) distribution of the characteristics used to align the two
caseloads (internal validity). Although these characteristics are used as targets, this replication can
be far from perfect, due to oddities in the underlying survey data, as will be explained in Chapter II.
Second, the algorithm should be evaluated according to how well it replicates the characteristics of
the caseload that were not used during the alignment process (external validity).

The closeness of the characteristics of simulated participants and administrative participants is
currently evaluated in a rather informal way, by a simple comparison of the marginal distributions.
This practice has clear advantages: it allows the analyst to freely incorporate information on current
policy priorities, and it avoids the costs involved in exploring and implementing formal testing
procedures. It also has two disadvantages: it is nonreproducible, and it can be rather arbitrary.

The use of formal goodness-of-fit tests should be explored. The methodology proposed by
Birdsall and Andrews in Doyle and Trippe (1989) represents an interesting starting point for
developing such goodness-of-fit measures. However, we believe that more conceptual work on these

test procedures is needed before they can be incorporated into the simulation model.
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